The preventive effect of abietic acid on skin cancer in mice was investigated in this study. Skin cancer mice model was caused by the combination of UVC and DMBA, and abietic acid was meanwhile intervened. The histopathology features of skin dyed HE staining and immunohistochemical staining were observed to explore tumor formation and skin morphological alteration, and MMP-1, MMP-3, CK10 and CK5/6 were examined. Abietic acid treatment had an obvious effect on experimental mice, and decreasing the expression of the above MMPs and CKs might be one of the possible mechanisms of the therapy.
With the environmental disruption, aerial pollution, ultraviolet radiation, abusing of drugs and cosmetics, incidence of cutaneous carcinoma becomes much higher than any other malignant tumors. In one word, cutaneous cancer is seriously hazarding health [1] . At present, the regular therapeutics has some defects, including low effective and high toxicity. Therefore, finding the effective method of curing cutaneous cancer becomes more and more urgent [2] . Pine resin is a natural resin obtained from Pinus massoniana, Pinus tabulaeformi and other species. In Chinese medicine, pine resin is used for the treatment of skin diseases, burn and scald wounds. P. massoniana resin treatment had an obvious effect on skin cancer mice, and decreasing the expression of CK10 and CK5/6 might be one of the possible mechanisms of the therapy [3] . In our previous research on bioactive constituents of P. massoniana resin, we have reported cytotoxic activity of abietic acid (AA), elliotinol and dehydroabietic acid against A431 cancer cells [4] . The effects of AA on experimental skin cancer in mice were investigated in this study, which deals with the pathological changes, cytokeratin 10 (CK 10) and cytokeratin 5/6 (CK 5/6) levels, and matrix metalloproteinase-1 (MMP-1) and matrix metalloproteinase-3 (MMP-3) contents of the epithelial tissue. The study can also help to provide experimental information for the development of pine resin.
At the end of the experiment, the mouse back skin was complete and pink full of flexibility in normal group, while the model mice back had proliferative crumb which showed mammilliform peoplasm of various sizes and local ulcer hemorrhage. Hyperemia and scrap were found on dorsal skins with poor elasticity in the treated groups.MMP-1 and MMP-3 are most likely associated with skin photoaging. Compared with the normal group, UV radiation could promote over expression of MMP-1 and MMP-3 in model group, and the levels of MMPs significantly increased. However, the contents of MMPs obviously decreased in the positive control and AA medication group, which showed that AA could effectively inhibit over secretion of MMP-1 and MMP-3 (Table 1) .
After 8 weeks, the model mice skin tissue showed hyperplasia and ulcerate. Under light microscopical observations, HE stains revealed high differentiated squamous carcinoma in skin epithelial cells of model mice. Skin frozen sections demonstrated that whole epidermis became thick and squamous cells severe atypical dysplasia, with obvious keratinize and hyperpigmentation. Severe inflammatory cell infiltration was observed in dermis, and cutaneous appendages decreased seriously. Degradation and necrosis of the squamous epithelial cells were observed in positive control and low dose AA administration group, with moderate inflammatory cell infiltration in dermis and obviously decrease of cutaneous appendages. Squamous cells mild hyperplasia and slight keratinize were recorded in high dose AA administration group with a few inflammatory cell infiltration in dermis. Compared with the models, the skin pathological changes of each medication group were significantly improved, which were represented in Figure 1 . In immunohistochemical detection, the epithelium cell plasm showed a large number of brown granules in model mice after 8 weeks, and the positive expression rate of CK 10 and CK 5/6 significantly increased. The epithelium cell plasm showed a small number of brown granules in positive control and high dose AA administration group. Compared with the model group, the positive expression rate of CK 10 and CK 5/6 decreased obviously, which were represented in Figure 2 and 3. The calculation results were shown in Table 2 . Skin cancer is the most common form of cancer, globally accounting for at least 40% of cases [5, 6] . It is especially common among people with light skin [7] . Greater than 90% of cases are caused by exposure to ultraviolet radiation from the Sun or exposure to various smaller doses of carcinogen and oncogenic agent [8] . Exposure has increased partly due to a thinner ozone layer [4, 9] . Skin cancer often carry a UV-signature mutation indicating that these cancers are caused by UV radiation via direct DNA damage, which lead to specific gene mutations and various inflammatory medium release to induce skin tumor [10] . DBMA has carcinogenic effect on epidermal keratinocyte to cause severe epithelial hyperplasia. The carcinogenesis of UV and DMBA has synergistic effect to promote skin cancer growth [11] . The matrix metalloproteinases (MMPs) are a family of zinc-dependent endopeptidases. MMPs are essential enzymes which are involved in the degradation of basilar membrane and the extracellular matrix, and play an important role in the tumor invasion and metastasis. MMP-1 and MMP-3 are important members in MMPs family, which have close relationships with photoaged skin disease [12] . Cytokeratin was the characteristic marker of epithelial cells.CK5/6 and CK10 are used for differential diagnosis of epithelium malignant tumor such as squamous carcinoma and adenocarcinoma [13] . The results in this experiment show that the combination of UVC radiation and DMBA external application can induce skin cancer quickly. After 8 weeks, the model mice skin tissue showed papillary hyperplasia and ulcerate. HE stains revealed high differentiated squamous carcinoma in skin epithelial cells of model mice. Compared with the normal group, the positive expression rate of CK 10 and CK 5/6 in model mice skin significantly increased after 8 weeks. The positive expression rate of CK 10 and CK 5/6 and the contents of MMP-1 and MMP-3 in AA medication group obviously decreased in the comparison with model group skin cancers in mice induced by the combination of UVC radiation and DMBA external application. The results showed that AA has a good effect against skin cancers in mice by a quantity-effect relationship. AA has a beneficial effect in preventing skin cancer by regulating upstream signal pathways and transcription activator, inhibiting expression of CK and MMP, alleviating skin injury induced by UV.AA was reported to have strong cytotoxicity against A431 cancer cells [4] . It was also reported AA could prevent rat breast precancer induced by DMBA and melanoma B16F10 cells [14, 15] . Preparation of sample solution: P. massoniana resin (250 g) was extracted with petroleum ether (60-90°C). The petroleum ether extract (210 g) was subjected to silica gel column chromatography to give AA (Figure 4 ) (10 g) in our laboratory. 2.0 g and 8.0 g AA dissolved in 4 mL acetone. 20.0 g 5-FU was divided into 10 equal portions and dissolved in 2 mL acetone. 10.0 mg DMBA was divided into 4 equal portions and dissolved in 5 mL acetone, which must be freshly prepared.
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Experimental
Animal experimental design:
The animals were randomly divided into 5 groups of 10 mice per group. All groups were given free diet and the mice back were depilated. Group I served as a normal control. Skin cancer was induced in groups II-V by the combination of UVC with DMBA. Mice were irradiated by UVC (56 mJ/cm 2 ) 30 minutes every day for 8 weeks and treated topically with 0.1 mL DMBA solution per square centimeter once a week on the dorsal skin area after hair removed. Group III was also given 0.1 mL 5-FU solution topically daily for 8 weeks, which served as a positive control. Groups IV-V received 0.1 mL AA solution topically daily (0.5, 2.0 gmL -1 , representative of AA low and high dosage, respectively) daily for 8 weeks. At the end of the experiment, the animals were weighed with the result of no significant difference in each group and sacrificed by cervical dislocation. Probably 0.4 g pathological skin tissues were freshly collected, rinsed with phosphate buffer solution and wiped by filter paper. The tissues were accurately weighed immediately, added into the precooling EP tubes, and quickly homogenized in ice-water bath. After centrifugation the supernatant was collected to determine the content of MMP-1 and MMP-3 with ELISA kits. Some local pathological skin tissues were collected and fixed in 10% formalin solution for 36 h. Some tissues were taken for histological examination. The extent of skin cell pathological changes was evaluated on H&E slides under light microscope. The histological changes were observed and scored. Some tissues were taken for immunohistochemical detection. The changes of cytokeratin protein and cell ultrastructure were examined by Kit method, which were observed under light microscope and photographed. The Expression of CK10 and CK5/6 was measured by color image analyzer according to average staining intensity and area.
